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Nutcracker syndrome (NCS) is a rare clinical condition that occurs when the left renal vein (LRV) experiences venous outflow obstruction secondary to external vascular compression, most often between the aorta and superior mesenteric artery (SMA).[@bib1] The resultant LRV hypertension potentiates a constellation of symptoms including flank pain, pelvic congestion, and proteinuria or hematuria. Initial diagnosis of NCS has typically relied on the use of duplex ultrasound (DUS), magnetic resonance angiography (MRA), computed tomography angiography (CTA), and venography with venous pressure measurements.[@bib2] More recently, intravascular ultrasound (IVUS) has emerged as an important adjunct for diagnosis of venous outflow obstruction, particularly in cases in which renocaval pressure gradients are equivocal.[@bib3]^,^[@bib4]

Duplicated inferior vena cava (IVC) is a congenital venous abnormality that occurs in 0.2% to 3.0% of the population and arises from persistence of the left and right supracardinal veins.[@bib5] This anomaly not only can place individuals at increased risk for vascular complications but also can have an impact on surgical and technical decision-making. Whereas nutcracker physiology has been reported in individuals with both normal vascular anatomy and aberrancies including celiacomesenteric trunks[@bib6]^,^[@bib7] and left-sided IVCs,[@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13] there has been only one report of NCS in a patient with a duplicated IVC, with no discussion of the technical nuances of open surgical treatment.[@bib14] We report a unique case of NCS in a patient with a duplicated IVC who was found to have significant LRV compression on MRA and IVUS. She experienced symptom resolution after concurrent transposition of the LRV and left-sided IVC. Consent was obtained for case publication.

Case report {#sec1}
===========

A 43-year-old white woman presented with 1 year of left flank and pelvic pain, gross hematuria, and anemia requiring regular transfusions. The initial workup consisting of urine cytology, cystoscopy, bladder biopsy, ureteroscopy, retrograde pyelography, and autoimmune serologic tests failed to elucidate the cause of her presentation.

MRA was obtained for further evaluation of hematuria. This demonstrated compression of the LRV as it traversed the aortomesenteric angle ([Fig 1](#fig1){ref-type="fig"}, *A*), resulting in a 3.5-mm-diameter reduction between the hilum and aortomesenteric angle as well as a duplicated left-sided IVC with anomalous drainage into the LRV ([Fig 1](#fig1){ref-type="fig"}, *B*). Initial pelvic and renal venography revealed no visual evidence of LRV compression and unobstructed free filling of contrast material into the right suprarenal IVC ([Fig 2](#fig2){ref-type="fig"}, *A*). In addition, the renocaval pressure gradient was found to be 1 mm Hg. However, there was some suggestion of LRV outflow obstruction, as evidenced by numerous well-developed left-to-right collaterals decompressing venous drainage from the left pelvis ([Fig 2](#fig2){ref-type="fig"}, *B*). Subsequent IVUS imaging demonstrated focal LRV compression as it crossed the aorta, with little residual lumen surrounding the catheter at its most stenotic region ([Fig 3](#fig3){ref-type="fig"}).Fig 1Axial magnetic resonance image demonstrating **(A)** compression of the left renal vein (LRV) as it traverses the aorta-superior mesenteric artery (SMA) angle and **(B** and **C)** presence of a duplicated inferior vena cava (IVC).Fig 2Left renal and pelvic venography demonstrating **(A)** continuous, free filling of contrast material from the left-sided inferior vena cava (IVC) into the left renal vein (LRV) and right suprarenal IVC and **(B)** presence of well-developed left-to-right venous collaterals draining the left-sided IVC.Fig 3Intravascular ultrasound (IVUS) showing left renal vein (LRV) compression as it crosses the aorta.

Surgical correction of LRV compression through a transperitoneal approach was offered. After an upper midline laparotomy, the bowel was packed in the right abdomen, the retroperitoneum was entered, and the right- and left-sided IVCs were exposed. The LRV was fully mobilized, requiring division of its branches. The LRV-right IVC junction was sclerotic, suggestive of chronic inflammation and scarification. After transection of the LRV and oversewing of the junction, the LRV was transposed 7 cm inferiorly onto the right-sided IVC. After LRV transposition, considerable kinking of the left-sided IVC was observed; thus, the left-sided IVC was transposed more medially onto the LRV to improve this angulation. All anastomoses were performed in an end-to-side four-quadrant fashion using 3-0 Prolene sutures. [Fig 4](#fig4){ref-type="fig"} illustrates this transposition.Fig 4Concurrent left renal vein (LRV) and left-sided inferior vena cava (IVC) transposition for a patient with nutcracker syndrome (NCS) in the setting of a duplicated IVC.

There were no perioperative complications. The patient reported prompt resolution of hematuria and had no further anemia postoperatively. At 1-month follow-up, she reported significant improvement of left pelvic and flank pain, which resolved during the ensuing 6 months. At 3-year follow-up, the patient denied any symptom recurrence.

Discussion {#sec2}
==========

NCS is a rare vascular condition characterized by LRV compression between the aorta and SMA, resulting in venous hypertension and a spectrum of clinical sequelae. Currently, DUS, MRA, and CTA serve as initial noninvasive imaging modalities in patients with suspected NCS.[@bib2]^,^[@bib15] For DUS, an LRV diameter to peak velocity ratio \>5 is 60% to 90% sensitive and 89% to 100% specific for NCS; in particular, DUS is useful because of its capacity to record velocities and to accentuate NCS findings with positional changes.[@bib2] For CTA and MRA, an LRV hilar to aortomesenteric diameter ratio \>4.9, a beak sign, and an SMA to aorta angle \<41 degrees offer the highest diagnostic accuracy.[@bib16] However, hemodynamic assessments of LRV compression and venous outflow obstruction are often best accomplished through venography and venous pressure measurements.[@bib17] Conventionally, the diagnosis of NCS has been defined as a renocaval pressure gradient ≥3 mm Hg, which has been evidenced to reflect significant LRV hypertension.[@bib16]^,^[@bib18]^,^[@bib19] However, there is considerable debate about this cutoff. Many asymptomatic individuals have renocaval pressure gradients ≥3 mm Hg; conversely, patients with long-standing NCS may lack high-pressure gradients because of collateralization and vascular decompression.[@bib20]^,^[@bib21] Thus, it is uncertain whether this gradient can serve as a definitive diagnostic tool for nutcracker physiology.

IVUS has emerged as an important adjunct to standard imaging modalities for diagnosis of NCS. Given that this technique has recently become the "gold standard" for identification of other venous compression syndromes because of its high sensitivity and ability to provide intraluminal measurements and characteristics,[@bib22], [@bib23], [@bib24] IVUS has been increasingly employed to help identify LRV compression.[@bib2]^,^[@bib3]^,^[@bib25] Specifically, IVUS may play a critical role in detecting nutcracker physiology in patients such as ours, in whom venography revealed a normal renocaval pressure gradient. Although there are no formal IVUS criteria established for NCS, IVUS has been effectively used to identify planar LRV compression that is unappreciable on two-dimensional imaging and to visualize intraluminal webs and spurs.[@bib2]^,^[@bib16]

Our patient had the added complexity of having a duplicated IVC. Whereas this congenital anomaly has been associated with complications such as deep venous thrombosis,[@bib26], [@bib27], [@bib28] its connection with NCS has been observed only once. In a case report by Yoshida et al,[@bib14] a female patient with a duplicated IVC was found to have NCS after presenting with left lower extremity deep venous thrombosis; she was successfully treated with LRV pharmacomechanical thrombolysis and stenting.

Unlike in that case, our patient presented with clinical signs and symptoms that were more typical of nutcracker physiology. In addition, we made the decision to undertake open repair, given the high migration rates associated with LRV stenting[@bib29] and the known vascular anomaly. The most commonly reported technique for open repair of NCS is LRV transposition, with reimplantation of the LRV more caudally onto the IVC.[@bib30] This procedure demands meticulous surgical planning and execution because rates of postoperative LRV stenosis or occlusion have exceeded 20% in some series.[@bib30] In our case, the presence of a duplicated IVC compelled us to be particularly cognizant of the technical challenges that could arise intraoperatively. Although we were able to successfully transpose the LRV beneath the original LRV-caval junction, issues that emerged because of the patient\'s vascular anomaly necessitated a second transposition of the left-sided IVC medially to prevent further flow obstruction. Therefore, knowledge of these anatomic variants and their impact on surgical methods is important for effective NCS treatment.

Conclusions {#sec3}
===========

NCS in the setting of a duplicated IVC is a rare variant of LRV entrapment that warrants increased consideration during medical and surgical evaluation. Along with conventional imaging methods, IVUS can serve as a useful adjunct in nutcracker physiology identification, particularly when the diagnosis is unclear. Open repair with concurrent transposition of the LRV and left-sided IVC can lead to effective symptom resolution in such cases of NCS.
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